Babesiosis is a tick-transmitted disease that causes severe economic losses to the cattle industry in Brazil. Water buffaloes (Bubalus bubalis) are often carriers of Babesia spp., but there are no studies that provide an accurate estimation of this infection in animals raised in regions of endemic stability. This study was conducted to investigate Babesia bovis and B. bigemina infections in 108 water buffaloes (50 calves and 58 adult females) located in areas of São Paulo state, where the animals were continuously exposed to Rhipicephalus microplus ticks. B. bovis and B. bigemina infections were screened by microscopic examination of blood smears, nested PCR (nPCR) and quantitative real-time PCR (qPCR), which were also used to estimate the number of copies (NC) of the cytochrome b (mt-cytB) gene in the blood samples. B. bigemina was found in blood smears of three calves from Alambari herd (all with less than 0.1% parasitemia). Molecular techniques were more sensitive than blood smears to diagnose piroplasms in water buffaloes: 20.37% and 100.00% for B. bovis-infected animals and 59.26% and 100.00% for B. bigemina-infected animals, respectively for nPCR and qPCR. The NC of mt-cytB gene of B. bovis and B. bigemina in blood samples re-* Corresponding author.
Introduction
Bovine babesiosis is a tick-borne disease that occurs worldwide, causing significant losses to livestock breeders [1] - [3] . In most of Brazil, endemic stability for Babesia bovis and B. bigemina is common [4] [5] . After primary infection, recovered animals frequently sustain subclinical infections and may continue to infect the tick vectors [2] [6] [7] . In acute babesiosis, the infection can be diagnosed by the identification of piroplasms in stained blood smears using microscopic examination, but in parasite carriers, the detection requires more sensitive methods [8] - [10] . Nested PCR (nPCR) has high sensitivity and specificity [9] , whereas quantitative real-time PCR (qPCR) combines the detection of target template with quantification [11] , having the advantages of reduced time and lower risk of cross-contamination [12] .
In 2001, there were some three million water buffaloes in Brazil, with a population growth rate estimated at 10% a year [13] . In the country's southeastern region, buffalo milk is mainly used to produce mozzarella cheese. The growing population of these animals is largely due to the high aggregate value of this product. Previous studies in tropical regions have indicated that water buffaloes are often carriers of Babesia spp. due to common infestation by the cattle tick Rhipicephalus microplus [14] [15] . However, there are no studies providing an accurate estimation of Babesia spp. infection in water buffaloes in a region of endemic stability. The increasing introduction of water buffalo dairy herds in the state of São Paulo led us to study the extent of infection in these animals using techniques considered as having high sensitivity and specificity. Different diagnostic methods were employed and compared to assess their suitability.
Materials and Methods

Animals and Sample Collection
The experimental group consisted of 108 clinically healthy water buffaloes (58 adult females aged between 3 -5 years old and 50 calves aged 1 -3 months old) from four municipalities in São Paulo, in southeastern Brazil. All animals were sampled only once, from January to February 2014, in four dairy herds: São Carlos (22˚01' S and 47˚53' W; n = 14 adult females); Ibaté (21˚57' S and 47˚59' W; n = 48, 25 calves and 23 adult females); Alambari (23˚33' S and 47˚53' W; n = 25 calves); and Dourado (22˚06' S and 48˚19' W; n = 21 adult females). None of the sampled herds was subjected to tick control. The blood samples were collected from the caudal vein using EDTA Vacutainers ® (Becton Dickinson) for DNA extraction and packed cell volume (PCV) determination by the microhematocrit method [16] . Blood samples from ear vessels were used to prepare thin blood smears for determination of parasitemia (%). Total genomic DNA was extracted from 300 µl of each blood sample with the Easy DNA TM kit (Invitrogen, USA), as recommended by the manufacturer. DNA samples were eluted in 100 µl of Tris-EDTA buffer and maintained in a freezer at −80˚C.
This experiment was conducted according to the ethical principles of animal experimentation of Embrapa Southeast Livestock ethics committee for animal experiments (CEUA PRT 05/2014).
nPCR Procedures
Previously described protocols were used for the nPCR assays for detection by specific amplification of DNA fragments of B. bovis [17] and B. bigemina [18] . Assays were performed in a volume of 25 μl: 12.5 μl of Master Mix red (Ampliqon, Denmark), 5.5 μl of ultrapure water (Invitrogen, USA), 10 pm of each primer ( Table 1 ) and 5 μl of template DNA. The same buffer and 2 μl of PCR reactionmedium were used as the nPCR template. Optimal primer annealing temperatures were determined experimentally for all PCR protocols in a Mastercycler Gradient thermocycler (Eppendorf). The optimal PCR thermocycling conditions for B. bovis PCR were: initial denaturation at 95˚C for 1 min; 35 cycles: at 95˚C for 1 min (denaturation); 60˚C for 1 min (annealing); 72˚C (extension) for 1 min; and a final extension at 72˚C for 5 min. The nPCR assays were performed under the same PCR conditions, except the annealing step, which was at 68˚C. The conditions for B. bigemina PCR amplifications were: initial denaturation at 95˚C for 2 min; 40 cycles of 94˚C for 1 min (denaturation), 66˚C for 1 min (annealing), 72˚C for 1 min (extension) and a final extension at 72˚C for 5 min. The nPCR conditions were identical except the annealing step, which was at 69˚C for 30 s. Purified samples of B. bovis and B. bigemina (provided by the Department of Pathology, School of Veterinary Medicine, São Paulo State University, Jaboticabal) were submitted to DNA extraction and used as positivecontrol. DNA samples were considered positive if in nPCR specific bands were visualized on 2% agarose gel (B. bovis = 290 bp and B. bigemina = 262 bp). To further confirm the nPCR results, positive samples were selected from each herd and were cloned into the pGEM  -T Easy Vector System (Promega, Madison, USA). Recombinant clones were used to transform Escherichia coli DH5α-competent cells. Plasmids containing the insert were purified using a QIAprep spin miniprep kit (Qiagen), and the amplicons were sequenced in an Applied Biosystems ABI Prism ® 3100 Avant genetic analyzer (Foster City, CA). The obtained sequences were deposited in the GenBank and subjected to BLAST analysis [19] .
qPCR Procedures
The qPCR tests were performed using the CFX96 Touch TM Real-Time PCR Detection System (Bio-Rad), with the primers that amplify an 88-bp fragment from the mt-cytB gene of each Babesia species [20] . Genomic DNA extracted from isolates of B. bovis and B. bigemina were used to construct the calibration curve and as positive control.
The optimized qPCR was prepared in a volume of 15 μl, with 7.5 μl of Eva Green ® Supermix (Bio-Rad), 0.12 μM of each primer, cbisg-1 and cbisg-2 for B. bigemina and cbosg-1 and cbosg-2 for Babesia bovis ( and B. bigemina. The qPCR reactions were carried out in duplicate, and each run included ddH20 (Invitrogen, USA) as a negative control, DNA from piroplasms isolates and a serial dilution of plasmid DNA. To prevent contamination, the reactions were prepared using tips with barriers, in rooms specifically isolated for this purpose.
To estimate the NC of the mt-cytB gene of B. bovis and B. bigemina in blood samples, calibration curves were standardized from the cloned products from the B. bovis and B. bigemina isolates. qPCR amplification products of the two parasites were purified with the PureLink TM PCR purification kit (Invitrogen), connected to a pGEM  -T Easy Vector System (Promega, Madison, USA) for subsequent transformation of the E. coli DH5α-competent cells. The white colonies were selected, amplified to confirm the vector insert and then grown in SOB medium at 37˚C ± 1˚C overnight under shaking. The DNA was extracted using the PureLink ® Quick Plasmid Miniprepkit (Invitrogen) and sequenced with an Applied Biosystems ABI Prism 3130 Avant  genetic analyzer. The sequences obtained were submitted to BLAST analysis [19] . Plasmid concentration was quantified using a NanoDrop ND-1000 spectrophotometer, and serially diluted (10 −1 to 10 −10
) to determine the limits of quantification of each species. Each dilution was subjected to qPCR assays with the samples and controls to estimate the NC of mt-cytB gene of B. bovis and B. bigemina [21] . The NC values found in the dilutions from the calibration curves were used to establish a regression equation allowing estimation of the NC of mt-cytB gene values for the DNA from B. bovis and B. bigemina for each sample. All amplifications and data were analyzed with the CFX96 software (BioRad). The efficiency (E) of reaction, expressed in percentage, was determined by the following formula: ( ) ( ) ( ) E % 10 1 slope 1 100 = − − * [22] [23]. qPCR analytical sensitivity was estimated from purified products of B. bovis and B. bigemina isolates in a final DNA concentration of 1 ng/ul. The samples were submitted to 10-fold serial dilutions with five repetitions. The NC of the mt-cytB gene in each dilution was calculated [21] . The cutoff Cq (quantification cycle) was established for each sample according to the result of qPCR sensitivity tests and corresponded to the last serial dilution where more than 50% of the five replicates were amplified [24] .
Statistical Analysis
The PCV values were subjected to one-way analysis of variance to check the combined effect of herd-age, using the SAS ® -GLM procedure. For each Babesia species, Fisher's exact test was applied to verify whether the frequencies of positive animals detected by the nPCR assays were similar between the different herd-age variables. The NC data, transformed into log10 (NC + 1) for both Babesia species, were analyzed together using the SAS MIXED procedure. In this analysis, the measures of NC of B. bovis and B. bigemina were considered as repeated measures of the same variable. So, the model of analysis included the effect of Babesia species (B. bovis and B. bigemina) and the combined effect of herd-age along with the interaction between them as fixed effects and the effect of the animal as a random effect. An unstructured (co)variance matrix was assumed for the residuals to account for possible variance heterogeneity between the two species. This model permits estimating the correlation between the infection rates of the two Babesia species. Means of NC and PCV were compared by the Tukey test and considered statistically significant if p ≤ 0.05. The Statistical Analysis System v.9.1 [25] was used in all the analyses.
Results
Blood Analysis
The microscopic examination of the blood smears revealed positive samples only for B. bigemina infected calves from Alambari (3/25), all with parasitemia below 0.1%.
The mean PCV ( Table 2 ) values obtained for the adult females from all the herds and the calves from Alambari were similar (no significant difference), while the mean for the calves from Ibaté were significantly higher (p < 0.05).
nPCR and qPCR
The amplicons sequenced from the rap1 gene of B. bovis (KC907706, KC907707, KC907704, KC907705, KP843858) and 18S ribosomal RNA gene of B. bigemina (KF153076, KC333880.1 KC858975, KC858976.1, KR526274) showed high similarity (98% -100% for B. bovis and 93% -100% for B. bigemina) with those al-ready deposited in the GenBank. Representative gel electrophoresis results for the B. bovis and B. bigemina PCR and nPCR are showed in Figure 1 .
The nPCR assays detected 13.5% infection by B. bigemina of calves (27/50, including the three calves that were positive by microscopic detection) and 63.7% of adult females (37/58). In turn, 11 animals were positive for B. bovis in each category, representing 22% and 18.9% of the calves and adult females examined, respectively. All told, nPCR detected 64animals infected by B. bigemina and 22 by B. bovis. Fisher's exact test detected variation in the infection rates between herd-age for both species (p < 0.05). As can be seen in Table 3 , the herd-age group with highest infection frequency by both B. bovis and B. Bigemina was the calves from Alambari, while the calves from Ibaté presented the lowest positive rate by nPCR, also for both species. For the adult females, the lowest infection rate by B. bigemina was observed in the herd from São Carlos, while for B. bovis the frequencies were similar among the adult animals in all three herds.
The qPCR assays showed 100% of the animals were infected, irrespective of category or origin ( Table 3 ). The qPCR cutoff Cq was established at 39 cycles for the two piroplams, corresponding to dilutions with 20 copies of mt-cytB gene/µl, which were the lowest concentrations at which three of the five repetitions were amplified (≥50%). All the samples were classified as qPCR positive, based on the melting peaks and Cq (before Cq 39, Figure 2 ). The positive samples showed melting temperatures of 76.0˚C ± 0.26˚C for B. bigemina and 77.5˚C ± 0.24˚C for B. bovis (Figure 2) . The amplified sequences of the mt-cytB gene were identical (100% similarity) to those of previous samples deposited in the GenBank: AB 499088.1 and GQ 214235.1 for B. bovis and LK 054939.1 and AB 499085.1 for B. bigemina. Statistical analysis of the NC of the mt-cyB gene of B. bovis and B. bigemina showed significant effects (p ≤ 0.05) of herd-age, species, and the interactions. The NC values were higher (p ≤ 0.05) for B. bigemina (2.80 ± 0.06) than for B. bovis (2.61 ± 0.05). Within each herd-age, differences between the species' NC values were found only in Alambari calves, which showed significantly higher (p ≤ 0.05) NC of B. bigemina (3.48 ± 0.13). The calves and cows from Ibaté showed the lowest NC for B. bigemina (2.29 ± 0.13 and 2.63 ± 0.14) and B. bovis (2.54 ± 0.11 and 2.37 ± 0.12), respectively ( Table 4) . 
Discussion
In this experiment, we found a high frequency of infection by B. bovis and B. bigemina in apparently healthy buffaloes raised in São Paulo state, using PCR-based tests. Blood samples from animals with different ages were submitted to varied method to diagnose infection by hemoparasites: direct examination, nPCR and qPCR. The PCV data were used as indicators of animal health.
All the herds studied coexist with R. microplus, a tick that is widely distributed in Brazil [26] . The detection of calves with patent parasitemia by B. bigemina and the high frequency of positive cows and calves for infection by both Babesia species in the qPCR assays were similar to the patter observed for cattle raised in the same region, characterized as having stable endemia [7] [27]- [29] .
The average PCV values of the animals were comparable to those described for healthy cattle [16] , which can vary from 24% to 46%. A study in Italy revealed that buffalo calves had higher PCV levels, with gradual decline as the animals got older [30] . In Brazil, some authors have also found a similar pattern to that observed in Italy, i.e., the PCV declined with the age of the buffaloes [31] - [34] . In this study, we observed that the calves from Alambari presented PCV levels similar to those of the adult animals, and significantly lower than those observed in the calves from Ibaté. The average PCV levels found for the calves from Alambari and Ibaté in this study (34.60 ± 1.20 and 46.40 ± 1.20) differed from that found [33] in the same region of Brazil, which was 40.6 ± 3.2. The elimination of the fetal erythrocytes can cause significant reductions in the levels of these blood cells in animals with ages between 3 and 4 months old [16] , which might be the cause of the lower PCV levels found in the calves from Alambari. Besides this, it has been observed that buffaloes can present variations in the PCV levels, depending on age, breeding region, nutritional and sanitary management [35] [36] . This can explain, at least in part, the differences observed in the average PCV levels of the calves from Alambari and Ibaté.
The direct examination of blood smears compared with nPCR assays confirmed that the sensitivity of the first test was not sufficient to detect B. bovis and B. bigemina in carrier animals, as also observed by other researchers [8] [9] . PCR reactions can detect DNA quantities on the order of 1 pg and this sensitivity can be increased to 1 fg by using nPCR [37] [38] , with the further advantage that the limits of specificity can be defined according to the particular needs of each diagnosis [39] . Despite, this, false negative results can occur, due to the presence of substances that inhibit polymerase that can be co-purified with the DNA [40] , because the sequence identified by the primers is absent, inaccessible or only present in very small quantities [41] .
The results of the qPCR assays allowed detecting a greater number of positive animals than those of nPCR, with some advantages, such as speed, robustness, precision and low contamination risk, in addition to the possibility of quantification [42] . Buling et al. [20] compared the performance of the qPCR assay using the mt-cytB gene as the target (also used in our experiment) and conventional PCR employing the 18s rRNA gene from B. bovis and B. bigemina in DNA samples extracted from the blood of 80 horses. The authors detected one horse infected by B. bovis and two by B. bigemina in the 80 blood samples analyzed by qPCR, but none were positive by the standard ribosomal PCR [20] . Ramos et al. detected a larger number of positive animals for B. bovis when using a qPCR protocol (msa2c gene) than when using conventional PCR for the mt-cytB gene [43] . De-spite the high sensitivity of the qPCR technique, it also has drawbacks, such as the need for previous knowledge of the target gene [11] and the impossibility of discriminating the amplicons by size [41] .
The distribution of infected animals in the herds studied here showed that buffaloes in the state of São Paulo were carriers of B. bovis and B. bigemina, as has been observed in other regions of Brazil and other tropical countries where tick-borne diseases were endemic [11] [14] [15] [44] . The results obtained with qPCR show that in stable endemic areas, infection by both Babesia species is very common in water buffaloes.
Regarding the NC hemoparasite DNA in buffaloes, we did not find any data in the literature. Bilhassi et al. [45] found higher average NC values of mt-cytB for B. bovis in both cows and calves of different cattle breeds, 5.00 ± 0.07 and 4.41 ± 0.07 respectively, compared with our results for adults (from 2.37 ± 0.12 to 2.81 ± 0.15) and calves (2.54 ± 0.11 and 2.78 ± 0.11). The mechanisms that assure low parasitemia of B. bovis and B. bigemina in water buffalo hosts are unknown, although it is know that babesias persistently infect various vertebrates without causing any symptoms [46] [47] .
In this experiment, the use of qPCR allowed finding high frequencies of infection by B. bovis and B. bigemina in both buffalo calves and cows raised in endemic areas of the state of São Paulo. Further studies should be conducted to clarify the real impact of these infections on buffalo herds.
